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(54) METHOD FOR EVALUATING MYOCARDIAL ISCHEMIC STATE USING BLOOD SAMPLE

(57) The present invention provides a method and
an index capable of less-invasively determining myocar-
dial ischemia such as ischemic heart disease or resten-
osis after percutaneous coronary intervention. The
present invention also provides an index that allows the
cardiovascular disease other than heart failure to be de-
termined even from a blood sample showing a BNP value
from which the cardiovascular disease other than heart
failure cannot be determined by a conventional method.
A method for determining myocardial ischemia compris-
ing subjecting a blood sample which is derived from a
test subject and which contains a BNP molecular group
containing at least two selected from the group consisting
of BNP 1-32 molecule, BNP 3-32 molecule, BNP 4-32
molecule, BNP 5-32 molecule, and a molecule having a
mass number larger than that of BNP 5-32 molecule by
16 Da to a detection process capable of distinguishing
and quantifying the individual BNP molecules different in
mass number to detect the BNP molecular group, where-
in myocardial ischemia in the test subject is determined
using, as an index, a ratio between a detected intensity
of at least one molecule selected from the BNP molecular
group and a detected intensity of at least one other mol-
ecule selected from the BNP molecular group.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the fields of diagnostic medicine, diagnostic testing equipment, cardiovascular
internal medicine, comprehensive medical examination, and mass spectrometry. More specifically, the present invention
relates to a method for assessing myocardial ischemia using a blood sample.

BACKGROUND ART

[0002] At clinical sites around the world including Japan, diagnosis of heart failure is widely performed by measuring
the blood levels of B-type natriuretic hormone (BNP) that is a hormone secreted mainly by cardiac myocyte. All over the
world, it has been verified that there is a very strong correlation between the blood. levels of BNP and the severity of
chronic heart failure, and therefore BNP is the only biomarker currently used to assess the severity of heart failure.
[0003] A method for diagnosis of heart failure used at clinical sites has been almost established. More specifically,
the blood levels of BNP are measured by an immunochemical method such as EIA or ELISA, and when the levels of
BNP are 100 pg/mL or higher or 150 pg/mL or higher, a diagnosis of "suspected heart failure" is generally made. On
the other hand, when the levels of BNP are equal to or less than 18.4 pg/mL that is the upper limit of the reference value
of BNP, a diagnosis of "nothing abnormal detected" is generally made, and when the levels of BNP are in the range
between thresholds (more specifically, 18.4 pg/mL to 100 pg/mL or 18.4 pg/mL to 150 pg/mL), there is a general clinical
suspicion of some kind of cardiovascular disease, and therefore a diagnosis of "follow-up required and, if necessary,
further examination" is made.
[0004] Among cardiovascular diseases, ischemic heart disease is clinically diagnosed by an outpatient examination
such as electrocardiography, exercise electrocardiography, or echocardiography. However, it is difficult to completely
detect ischemic heart disease by such an examination, and therefore it is usually necessary to perform a cardiac cath-
eterization test requiring hospital admission for accurate diagnosis.
[0005] As nondrug treatment of ischemic heart disease, surgery to widen a stenotic area in the coronary artery is
generally performed. An example of such surgery widely performed includes percutaneous coronary intervention (PCI).
It is conventionally known that restenosis of a widened vessel occurs in about 20 to 40% of patients who underwent PCI
within 3 to 6 months after PCI. However, in recent years, the frequency of restenosis has been reduced to as low as
10% or less by using a drug-eluting stent (DES) in this surgery.
[0006] On the other hand, U.S. Patent No. 7341838 and JP-T-2006-527190 have recently disclosed a method for
classifying a disease state of a test sample by specifically measuring the amount of at least one BNP polypeptide selected
from the group consisting of BNP 79-108, BNP 77-106, BNP 39-86, BNP 53-85, BNP 66-98, BNP 30-106, BNP 11-107,
BNP 9-106, BNP 69-100, BNP 76-107, BNP 69-108, BNP 80-108, BNP 81-108, BNP 83-108, BNP 30-103, BNP 3-108,
and BNP 79-106 (herein, a BNP precursor composed of 108 amino acids is expressed as BNP 1-108, based on which
these BNP polypeptides are expressed) contained in the test sample. More specifically, these documents describe that
BNP 3-108 may distinguish unstable angina or myocardial infarction from congestive heart failure, which is based on
the result of analysis of test samples derived from a patient having a BNP value of 353.5 pg/mL and from a patient having
a BNP value of 905.5 pg/mL.
[0007] Further, JP-A-2007-322187 has recently disclosed a method for measuring the blood levels of modified low-
density lipoprotein (modified LDL) as an example of a method for assessing the risk of development of restenosis after PCI.
[0008]

Patent Document 1: U.S. Patent No. 7341838
Patent Document 2: JP-T-2006-527190
Patent Document 3: JP-A-2007-322187

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] The diagnosis of heart failure by measurement of blood levels of BNP are clinically effective. However, under
the present circumstances, a method of diagnosing ischemia by measurement of blood levels of BNP has not been
established. Further, when the blood levels of BNP are within the range between thresholds for determining whether
there is suspicion of heart failure (more specifically, 18.4 pg/mL to 100 pg/mL or 18.4 pg/mL to 150 pg/mL), only a
diagnosis that there is suspicion of some kind of cardiovascular disease is made and its actual condition is not clear.
That is, when the blood levels of BNP are within the range between the above-mentioned thresholds, it is impossible to
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assess cardiovascular disease under the present circumstances.
[0010] As one of examinations currently used for diagnosis of ischemic heart disease among cardiovascular diseases,
exercise electrocardiography can be mentioned. However, the sensitivity and specificity of exercise electrocardiography
are both about 70%, and therefore diagnostic reliability is not so high. Further, in the case of this examination, a test
subject needs to do exercise, which places a heavy burden on a patient. Further, elderly people with weak legs or with
troubles in leg joints cannot undergo this examination. During this examination, a doctor needs to always observe a test
subject, but there is a possibility that a cardiovascular event is caused by exercise stress. In addition, this examination
is contraindicated in people suspected to have, for example, unstable angina.
[0011] As described above, the frequency of restenosis after PCI has been reduced, but restenosis still occurs at a
certain frequency. Therefore, an examination for diagnosis of the presence or absence of restenosis is still necessary.
More specifically, a cardiac catheterization test is widely performed. However, a cardiac catheterization test is invasive
and places a heavy burden on patients. Therefore, it is practically impossible to frequently perform a cardiac catheteri-
zation test. In addition, a cardiac catheterization test uses a contrast agent, and therefore the kidney toxicity of a contrast
agent is a problem particularly for patients with kidney dysfunction.
[0012] On the other hand, as described above, U.S. Patent No. 7341838 and JP-T-2006-527190 describe that BNP
3-108 may distinguish unstable angina or myocardial infarction from congestive heart failure, which is, however, based
on the analytical result of test samples derived from a patient having a BNP value of 353.3 pg/mL and from a patient
having a BNP value of 905.5 pg/mL. Further, these documents do not describe any significant difference in the detected
levels of a specific BNP peptide between a test specimen derived from a patient having cardiovascular disease to be
evaluated and a control specimen. That is, there is no description about an index useful for assessing cardiovascular
disease.
Further, these documents describe that a test specimen derived from a patient having a low BNP value (more specifically,
39.6 pg/mL) was also analyzed in the same manner as in the analysis of the above-mentioned test specimens. However,
in the case of such a patient having a low BNP value, a specific BNP peptide was not detected, and therefore no
information was obtained.
[0013] It is therefore an object of the present invention to provide a method capable of less-invasively assessing
myocardial ischemia (e.g., ischemic heart disease or restenosis).
It is also an object of the present invention to provide an index that allows the presence or absence of cardiovascular
disease other than heart failure, especially myocardial ischemia, to be determined even from a blood sample showing
a BNP value from which the presence or absence of cardiovascular disease including heart failure cannot be determined
by a conventional method (i.e., a BNP value within the range between thresholds for determining whether there is
suspicion of heart failure (more specifically, 18.4 pg/mL to 150 pg/mL)).

MEANS FOR SOLVING THE PROBLEMS

[0014] The present inventors analyzed blood samples derived from patients whose BNP values were within the range
between the above-mentioned thresholds and who were scheduled to undergo a cardiac catheterization test from the
viewpoint of quality, and as a result have found that the value of the ratio between a detected levels of a specific BNP
molecule selected from a BNP molecular group containing BNP molecules different in mass number and a detected
levels of another specific BNP molecule is significantly different between the patients diagnosed with significant stenosis
by a cardiac catheterization test and those not diagnosed with significant stenosis by a cardiac catheterization test,
which has led to the completion of the present invention.
[0015] The present invention includes the following.

(1) A method for assessing myocardial ischemia comprising subjecting a blood sample which is derived from a test
subject and which contains a B-type natriuretic hormone (BNP) molecular group containing at least two selected
from the group consisting of BNP 1-32 molecule (SEQ ID No. 1), BNP 3-32 molecule (SEQ ID No. 2), BNP 4-32
molecule (SEQ ID No. 3), BNP 5-32 molecule (SEQ ID No. 4), and a molecule having a mass number larger than
that of BNP 5-32 molecule by 16 Da to a detection process capable of distinguishing and quantifying the individual
BNP molecules different in mass number to detect the BNP molecular group, wherein myocardial ischemia in the
test subject is assessed using, as an index, a ratio between a detected intensity of at least one molecule selected
from the BNP molecular group and a detected intensity of at least one other molecule selected from the BNP
molecular group.

[0016] Assessing myocardial ischemia also means determining the presence or absence of coronary stenosis. More
specifically, determining the presence or absence of ischemic heart disease and determining the presence or absence
of restenosis after PCI are included.
[0017] In the present invention, the BNP 1-32 molecule refers to a mature B-type natriuretic hormone composed of
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32 amino acids, and has an amino-acid sequence represented by SEQ ID No. 1 (or when a B-type natriuretic hormone
precursor composed of 108 amino acids is expressed as BNP 1-108, BNP 77-108 corresponds to a mature B-type
natriuretic hormone BNP 1-32 in the present invention).
The BNP 3-32 molecule refers to a fragment formed from BNP 1-32 molecule by processing of N-terminal two amino
acids SP (represented by one-letter abbreviations of amino acids, the same goes for the following), and has an amino-
acid sequence represented by SEQ ID No. 2. The BNP 4-32 molecule refers to a fragment formed from BNP 1-32
molecule by processing of N-terminal three amino acids SPK, and has an amino-acid sequence represented by SEQ
ID No. 3. The BNP 5-32 molecule refers to a fragment formed from BNP 1-32 molecule by processing of N-terminal four
amino acids SPKM, and has an amino-acid sequence represented by SEQ ID No. 4.
[0018] In the present invention, the B-type natriuretic hormone (BNP) molecular group contains at least two selected
from the group consisting of mature B-type natriuretic hormone molecule (i.e., BNP 1-32 molecule), BNP 3-32 molecule,
BNP 4-32 molecule, BNP 5-32 molecule, and a molecule having a mass number larger than that of BNP 5-32 by 16 Da,
and may further contain, in addition to these molecules, fragments formed from BNP 1-32 by processing and derivatives
derived from them.
[0019]

(2) The method according to the above (1), wherein the ratio between a detected intensity of at least one molecule
selected from the molecular group and a detected intensity of at least one other molecule selected from the molecular
group is a ratio between a sum of a detected intensity of the BNP 1-32 molecule and a detected intensity of the BNP
3-32 molecule, and a detected intensity of the BNP 5-32 molecule.

[0020] More specifically, the ratio described in the above (2) is a ratio represented by the following formula 1 or its
inverse ratio: 

wherein I(BNP 1-32) represents a detected intensity of the BNP 1-32 molecule, I(BNP 3-32) represents a detected
intensity of the BNP 3-32 molecule, and I(BNP 5-32) represents a detected intensity of the BNP 5-32 molecule.
[0021]

(3) The method according to the above (1) or (2), wherein the ratio between a detected intensity of at least one
molecule selected from the molecular group and a detected intensity of at least one other molecule selected from
the molecular group is a ratio between a detected intensity of the BNP 3-32 molecule and a detected intensity of
the BNP 5-32 molecule.

[0022] More specifically, the ratio described in the above (3) is a ratio represented by the following formula 2 or its
inverse ratio:

wherein I(BNP 3-32) represents a detected intensity of the BNP 3-32 molecule and I(BNP 5-32) represents a detected
intensity of the BNP 5-32 molecule.
[0023] In the above (2) and (3), the measured value of BNP of a blood specimen is preferably 18 pg/mL or higher or
21.9 pg/mL or higher.
In the above (2) and (3), the myocardial ischemia is preferably one caused by ischemic heart disease or by restenosis
after PCI.
[0024]

(4) The method according to any one of the above (1) to (3), wherein the ratio between a detected intensity of at
least one molecule selected from the molecular group and a detected intensity of at least one other molecule selected
from the molecular group is a ratio between a detected intensity of the molecule having a mass number larger than
that of BNP 5-32 molecule by 16 Da and a detected intensity of the BNP 5-32 molecule.
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[0025] More specifically, the ratio described in the above (4) is a ratio represented by the following formula 3 or its
inverse ratio: 

wherein I(BNP 5-32) represents a detected intensity of the BNP 5-32 molecule and I(BNP 5-32+) represents a detected
intensity of the molecule having a mass number larger than that of BNP 5-32 molecule by 16 Da.
[0026]

(5) The method according to any one of the above (1) to (4), wherein the blood sample is a blood specimen itself
of a test subject having a measured value of BNP of 18 pg/mL to 150 pg/mL, or is prepared from the blood specimen.

[0027]

(6) The method according to any one of the above (1) to (5), wherein the myocardial ischemia is one caused by
ischemic heart disease or by restenosis after PCI.

[0028] In the above (1) to (6), the blood sample may be prepared from a blood specimen collected from the test subject
with the use of a blood collection tube containing at least aprotinin.
[0029] In the above (1) to (6), the blood specimen is preferably a plasma specimen.
[0030]

(7) The method according to any one of the above (1) to (6), wherein the blood sample is prepared by subjecting
the blood specimen of the test subject to immunological enrichment using an antibody against the B-type natriuretic
hormone molecular group.

[0031] In the above (1) to (7), the individual BNP molecules different in mass number may be distinguished and
quantified by a method based on bio-specific affinity or by mass spectrometry.

EFFECTS OF THE INVENTION

[0032] According to the present invention, it is possible to less-invasively assess a disease state caused by myocardial
ischemia (e.g., ischemic heart disease or restenosis).
Further, according to the present invention, it is possible to determine the presence or absence of cardiovascular disease
even from a blood sample having a BNP value from which the presence or absence of cardiovascular disease cannot
be determined and only an ambiguous determination that there is suspicion of some kind of cardiovascular disease is
made by a conventional method (i.e., a BNP value in the range between the thresholds (18.4 pg/mL to 150 pg/mL) for
determining whether there is suspicion of heart failure).
[0033] The effects of the present invention will be described more specifically below.
The method according to the present invention uses not a conventional index based on the quantity of BNP (i.e., BNP
value) but an index based on the quality of BNP. This makes it possible to obtain, from a blood sample, information that
cannot be obtained only from the index based on the quantity of BNP. That is, the present invention makes it possible
for the first time to assess myocardial ischemia only through a blood test.
[0034] As described above, since the method according to the present invention uses a novel index, it is possible to
assess a cardiac disease state even from a blood sample having a BNP value in the range of 18.4 pg/mL to 150 pg/mL
from which a cardiac disease state cannot be clearly assessed through a conventional blood test. Further, the effective-
ness of the novel index used in the present invention is specific to ischemia, and therefore the presence or absence of
myocardial ischemia also in a patient with a disease associated with a high BNP value (e.g., chronic heart failure) can
be determined.
[0035] The method according to the present invention is applied to a blood test, and is therefore much easier and less
invasive than a conventional invasive examination method (e.g., a cardiac catheterization test). Therefore, for the sake
of higher accuracy, it is only necessary to perform an invasive test on only patients diagnosed as possibly having stenosis
by a previously-performed blood test. This makes it possible to avoid an unnecessary cardiac catheterization test, thereby
significantly reducing a burden on the body of a patient and test cost. A cardiac catheterization test is. conventionally
performed about every six months, and therefore even when restenosis requiring treatment occurs within six months, it
is impossible to appropriately treat restenosis. However, the less-invasive blood test can be easily and repeatedly
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performed, and therefore restenosis can be appropriately treated earlier.
[0036] Thus, according to the method of the present invention, unlike a conventional examination method, ischemia
can be reliably assessed and early detected only through an easy, less-invasive, and economic blood test. Eventually,
the method according to the present invention can be applied to the assessment of arteriosclerosis. Further, as described
above, the significance of BNP in a blood sample having a BNP value, from which a cardiac disease state cannot be
accurately assessed through a conventional blood test, has become apparent, and therefore there is a possibility that
BNP fragments and modified fragments thereof assist drug discovery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

Fig. 1 shows MS spectra obtained in Experimental Example 1, which indicate that there is a difference in the
processing of BNP between when blood is collected using an EDTA blood collection tube and when blood is collected
using an EDTA-aprotinin blood collection tube.
Fig. 2 shows MS spectra obtained in Experimental Example 2, which indicate that KYBNPII is an antibody that
specifically recognizes BNP 1-32, BNP 3-32, BNP 4-32, and BNP 5-32.
Fig. 3 shows MS spectra obtained in Experimental Example 3 in which the limit of detection of a method according
to the present invention is examined.
Fig. 4 shows MS spectra obtained in Experimental Example 4, which indicate that BNP 3-32, BNP 4-32, and BNP
5-32 formed from BNP 1-32 by N-terminal processing as well as BNP 1-32 were detected in a clinical specimen.
Fig. 5 shows MS spectra obtained in Example 1, which indicate that the method according to the present invention
detected a qualitative difference between two plasma specimens prepared from two clinical specimens having almost
the same BNP value of about 90 pg/mL as measured by a conventional EIA method.
Fig. 6 is a graph obtained in Example 2, which shows the result of analyzing the MS signal patterns regarding 24
clinical specimens whose BNP values were in the range of 40.8 pg/mL to 147.8 pg/mL and examining the correlation
between the presence or absence of significant stenosis and an index of I(BNP 5-32+)/I(BNP 5-32).
Fig. 7 is a graph obtained in Example 3, which shows the result of analyzing the MS signal patterns regarding 41
clinical specimens whose BNP values were in the range of 21.4 pg/mL to 147.8 pg/mL and examining the correlation,
using an index of I(BNP 5-32+)/I(BNP 5-32), between the index and the presence or absence of significant stenosis.
Fig. 8 is a graph obtained in Example 4, which shows the result of analyzing MS signal patterns and examining the
correlation between the index of I(BNP 5-32+)/I(BNP 5-32) and the presence or absence of significant stenosis by
ROC curve analysis.
Fig. 9 is a graph obtained in Example 5, which shows the result of analyzing the MS signal patterns regarding 33
clinical specimens whose BNP values were in the range of 21.9 pg/mL to 645.8 pg/mL and examining the correlation,
using an index of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)}, between the index and the presence or absence of
significant stenosis.
Fig. 10 is a graph obtained in Example 6, which shows the result of analyzing MS signal patterns and examining
the correlation between the index of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)} and the presence or absence of
significant stenosis by ROC curve analysis.
Fig. 11 is a graph obtained in Comparative Example 1, which shows the result of examining the correlation, regarding
33 clinical specimens whose BNP values were in the range of 21.9 pg/mL to 645.8 pg/mL, using an index of {I(BNP
1-32) + I(BNP 3-32)/I(BNP 5-32)}, between the index and the presence or absence of hypertension.
Fig. 12 is a graph obtained in Comparative Example 2, which shows the result of examining the correlation, regarding
33 clinical specimens whose BNP values were in the range of 21.9 pg/mL to 645.8 pg/mL, using an index of {I(BNP
1-32) + I(BNP 3-32)/I(BNP 5-32)}, between the index and the presence or absence of hyperlipidemia.
Fig. 13 is a graph obtained in Comparative Example 3, which shows the result of examining the correlation, regarding
33 clinical specimens whose BNP values were in the range of 21.9 pg/mL to 645.8 pg/mL, using an index of {I(BNP
1-32) + I(BNP 3-32)/I(BNP 5-32)}, between the index and the presence or absence of diabetes.
Fig. 14 is a graph obtained in Comparative Example 4, which shows the result of examining the correlation, regarding
33 clinical specimens whose BNP values were in the range of 21.9 pg/mL to 645.8 pg/mL, using an index of {I(BNP
1-32) + I(BNP 3-32)/I(BNP 5-32)}, between the index and gender.
Fig. 15 is a graph obtained in Example 7, which shows the result of analyzing the MS signal patterns regarding 33
clinical specimens whose BNP values were in the range of 21.9 pg/mL to 645.8 pg/mL and examining the correlation,
using an index of I(BNP 4-32)/I(BNP 5-32), between the index and the presence or absence of significant stenosis.
Fig. 16 is a graph obtained in Example 8, which shows the result of analyzing the MS signal patterns regarding 33
clinical specimens whose BNP values were in the range of 21.9 pg/mL to 645.8 pg/mL and examining the correlation,
using an index of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 4-32)}, between the index and the presence or absence of
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significant stenosis.

BEST MODE FOR CARRYING OUT THE INVENTION

1. Blood specimen

1-1. Test subject

[0038] Any person may become a test subject to be assessed by a method according to the present invention regardless
of the presence or absence of a chief complaint. Specific examples of the test subject include patients who are undergoing
a comprehensive medical examination, patients with ischemic heart disease, patients who underwent PCI, and patients
with heart failure. Particularly, patients who are required to undergo a cardiac catheterization test in a conventional
examination procedure may be mentioned. Further, the test subject may be a person with a disease such as hypertension,
hyperlipidemia, or diabetes or a person suspected to have such a disease.
[0039] The present invention provides a method for assessing myocardial ischemia in a test subject. As used herein,
"myocardial ischemia" refers to a state where oxygen is not sufficiently supplied to the heart due to coronary stenosis
caused by, for example, arteriosclerotic changes. Therefore, the present invention may also be regarded as a method
for determining the presence or absence of coronary stenosis in a test subject. In the present invention, a specific disease
state caused by myocardial ischemia is not particularly limited, and examples thereof include ischemic heart disease
and restenosis after PCI.
[0040] As specific examples of ischemic heart disease, cardiac angina and myocardial infarction may be usually
mentioned. The present invention allows the diagnosis of myocardial ischemia that cannot be diagnosed through a
conventional blood test, and is therefore useful in that it can be applied to the diagnosis of cardiac angina that cannot
be diagnosed through a conventional blood test.
[0041] Particularly, the present invention is very useful in that it can be applied to the diagnosis of the presence or
absence of restenosis, which may occur after PCI, as a stage prior to a cardiac catheterization test. Specific examples
of PCI include stent placement, coronary angioplasty with balloon, cutting balloon catheter, and atherectomy.
[0042] It is to be noted that in the present invention, the presence of stenosis or of significant stenosis means that the
degree of stenosis as determined by coronary angiography is 75% or higher (left main coronary trunk: 50% or higher).

1-2. Form of blood specimen

[0043] A blood specimen used in the present invention may be in the form of whole blood, plasma, or serum. Among
them, a blood specimen in the form of plasma is preferably used. By using a blood specimen in the form of plasma, it
is possible to prevent unnecessary fragmentation (e.g., C-terminal cleavage) of BNP to be detected in a detection process
which will be described later, thereby making it possible to more accurately perform assessment.

1-3. Component that may be added to blood specimen

[0044] A blood specimen may contain a blood stabilizing agent appropriately.
Examples of the blood stabilizing agent include protease inhibitors and anticoagulants. Specific examples of such blood
stabilizing agents include aprotinin, ethylenediaminetetraacetic acid, heparin, citric acid, and sodium fluoride. The type
of blood stabilizing agent to be used may be appropriately selected by those skilled in the art. In the present invention,
at least aprotinin is particularly preferably used. More specifically, a blood collection tube to be used preferably contains
aprotinin and EDTA. By using a blood collection tube containing aprotinin and EDTA, it is possible to prevent unnecessary
fragmentation of BNP to be detected in a detection process which will be described later, thereby making it possible to
more accurately perform assessment.

1-4. BNP value of blood specimen

[0045] As used in the present invention, "measured value of BNP" or "BNP value" refers to an index widely clinically
applied as a marker of heart failure or the like. The BNP value is measured by a well-known method such as an EIA
(enzyme immunoassay) method. In the present invention, from the viewpoint of quality, the BNP value is the total
concentration of a mixture of BNP molecules different in molecular weight including a BNP molecular group to be detected
in a detection process which will be described later.
[0046] The present invention is useful for the diagnosis of ischemia. The BNP value of a blood specimen to be used
in the present invention is not particularly limited, and a blood specimen having any BNP value may be used in the
present invention.
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[0047] For example, the present invention is useful even when a blood specimen has a BNP value in the range of 18
pg/mL to 150 pg/mL. Conventionally, when a BNP value as determined through a blood test is within the above range,
the presence or absence of abnormalities is unclear, and therefore a BNP value within the above range is not regarded
as important information for the diagnosis of heart failure. However, the method according to the present invention is
capable, even when the BNP value of a blood specimen is within the above range, of determining the presence or
absence of abnormalities by utilizing the fact that the value of an index which will be described later is significantly
different between the presence and absence of coronary stenosis.
Preferred examples of such an index used for a blood specimen having a BNP value within the above range include
indices which will be described later in 4-1-1, 4-1-2, and 4-1-3.
[0048] When a blood specimen has a BNP value within the above range, there is a case where determination of the
presence or absence of abnormalities can be more reliably made when the blood specimen has a BNP value in the
range of 20 pg/mL to 150 pg/mL, 30 pg/mL to 150 pg/mL, or 40 pg/mL to 150 pg/mL than when the blood specimen has
a BNP value in the range of 18 pg/mL to 150 pg/mL. An example of an index showing such a tendency includes an index
which will be described later in 4-1-3.
[0049] Further, the present invention is useful also when the BNP value of a blood specimen exceeds 150 pg./mL.
Conventionally, when a BNP value as determined by a blood test is within the above range, a diagnosis of "suspected
heart failure" can only be made. However, the method according to the present invention is capable, also when a patient
has a BNP value within the above range and is strongly suspected of having heart failure, of determining the presence
or absence of coronary stenosis. It is to be noted that the upper limit of a BNP value within the above range is not
particularly limited, and may be any clinically possible value exceeding 150 pg/mL. For example, a BNP value of about
650 pg/mL is clinically possible, but a BNP value exceeding 650 pg/mL is, of course, clinically possible.
[0050] As has been described above, the present invention is useful not only when the BNP value of a blood specimen
is in the range of 18 pg/mL to 150 pg/mL but also when the BNP value of a blood specimen exceeds 150 pg/mL. That
is, the present invention is useful when the BNP value of a blood specimen is 18 pg/mL or higher. In this case, the BNP
value of a blood specimen is preferably 20 pg/mL or higher.
Preferred examples of an index used for a blood specimen having such a BNP value include indices which will be
described later in 4-1-1 and 4-1-2.
[0051] On the other hand, the present invention can be used also when the BNP value of a blood specimen is less
than 18 pg/mL. Conventionally, when a BNP value as determined through a blood test is within the above range, a
diagnosis of "nothing abnormal detected" is made. However, more detailed analysis can be made by the method according
to the present invention from the viewpoint of quality. When about 500 PL of a specimen is used to detect BNP by, for
example, mass spectrometry, there is a case where the amountof BNP is less than the limit of detection. However, such
analysis can be made by appropriately increasing the amount of a specimen used (e.g., by increasing the amount of a
specimen to 1 mL or 2 mL).

2. Blood sample

[0052] As used in the present invention, "blood sample" refers to a sample to be subjected to a detection process.
Therefore, a blood sample may be prepared by appropriately treating the above-mentioned blood specimen, or the
above-mentioned blood specimen may be used directly as a blood sample.

2-1. Molecules contained in blood sample as detection targets

[0053] Molecules to be detected in the present invention are molecules constituting a B-type natriuretic hormone (BNP)
molecular group present in a blood sample. The molecules constituting a BNP molecular group may include BNP 1-32,
fragments formed from BNP 1-32 by processing, and/or derivatives derived from them. These molecules constituting a
BNP molecular group have to include molecules generated in the body of a test subject.
[0054] The molecules constituting a BNP molecular group may include molecules formed by a change (e.g., processing
or a chemical change that never occurs in a living body) of molecules generated in the body of a test subject during
blood collection or sample preparation, but a blood sample is preferably prepared so as to contain such molecules as
little as possible. For example, a blood sample is preferably prepared by using a blood specimen in the form of plasma
or by using a blood collection tube containing aprotinin and EDTA. This makes it possible to suppress cleavage at the
C-terminal of BNP or nonspecific cleavage at the N-terminal of BNP.
[0055] More specifically, BNP 1-32 is a mature B-type natriuretic hormone composed of 32 amino acids, and has an
amino-acid sequence represented by SEQ ID No. 1. When a B-type natriuretic hormone precursor composed of 108
amino acids is expressed as BNP 1-108, BNP 77-108 corresponds to a mature B-type natriuretic hormone BNP 1-32
in the present invention.
[0056] As fragments formed from BNP by processing, at least BNP 3-32 molecule, BNP 4-32 molecule, and BNP 5-32
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molecule may be mentioned from the viewpoint of more accurately reflecting conditions inside the body of a test subject.
The BNP 3-32 molecule is a fragment formed from BNP 1-32 molecule by processing of N-terminal two amino acids SP
(represented by one-letter abbreviations of amino acids, the same goes for the following), and has an amino-acid
sequence represented by SEQ ID No. 2. The BNP 4-32 molecule is a fragment formed from BNP 1-32 molecule by
processing of N-terminal three amino acids SPK, and has an amino-acid sequence represented by SEQ ID No. 3. The
BNP 5-32 molecule is a fragment formed from BNP 1-32 molecule by processing of N-terminal four amino acids SPKM,
and has an amino-acid sequence represented by SEQ ID No. 4.
[0057] Specific examples of derivatives derived from BNP 1-32 or from fragments formed from BNP 1-32 by processing
include derivatives formed by a chemical change of their original molecules. More specifically, the chemical change is,
for example, oxidation. Mainly, methionine may undergo oxidation.
[0058] A BNP molecular group in the present invention contains, as its one of constituent molecules, a molecule having
a mass number larger than that of BNP 5-32 by 16 Da. It has been confirmed by the present inventors that a difference
in mass number between this molecule and BNP 5-32 is 16 Da, and, as will be described later, this molecule can be
immunologically enriched together with other BNP fragments by one antibody, and this molecule disappears by the
action of a deoxidizer. Therefore, it may be considered that this molecule is an oxide of BNP 5-32. In the present invention,
this molecule is not identified in terms of structure, and is expressed as "molecule having a mass number larger than
that of BNP 5-32 by 16 Da" in terms of only mass number. For the sake of simplicity, this molecule is included in the
above-mentioned "derivatives".
[0059] That is, a BNP molecular group to be detected in the present invention contains at least two selected from the
group consisting of BNP 1-32 molecule, BNP 3-32 molecule, BNP 4-32 molecule, BNP 5-32 molecule, and a molecule
having a mass number larger than that of BNP 5-32 by 16 Da, and may further contain, in addition to these molecules,
fragments formed from BNP 1-32 by processing and derivatives derived from them.

2-2. Immunological enrichment

[0060] In the present invention, a BNP molecular group contained in a blood specimen is preferably immunologically
enriched. An immunological enrichment method to be used in the present invention is not particularly limited as long as
a BNP molecular group contained in a blood sample can be specifically enriched by bringing the BNP molecular group
into contact with an antibody against the BNP molecular group under conditions where immune complexes can be
formed. Such an immunological enrichment method may be appropriately selected by those skilled in the art. In addition,
a specific protocol may also be easily selected by those skilled in the art.
[0061] Specific examples of such an immunological enrichment method include an immunoprecipitation method and
affinity column chromatography. These methods are well-known to those skilled in the art, and their protocols are
appropriately determined by those skilled in the art.
In the present invention, an immunoprecipitation method is preferably used. According to this method, an immunopre-
cipitate is obtained by allowing a blood sample, an antibody against a target BNP molecular group, and a carrier for
precipitation to coexist under conditions where immune complexes can be formed. This method is advantageous because
of its simple operation, high cost performance, and very high versatility.
[0062] Examples of an antibody for use in immunological enrichment include antibodies capable of simultaneously
recognizing BNP contained in a BNP molecular group to be enriched. Such an antibody may be appropriately prepared
by those skilled in the art by using a region common to BNP molecules contained in a BNP molecular group to be
enriched as an antibody capable of recognizing peptide fragments having such a common region.
Other examples of an antibody for use in immunological enrichment include mixtures of two or more kinds of antibodies
recognizing individual BNP molecules contained in a BNP molecular group to be enriched, respectively. Such an antibody
may be appropriately prepared by those skilled in the art by using a characteristic region of a specific BNP molecule
contained in a BNP molecular group to be enriched as an antibody capable of recognizing peptide fragments having
such a region.
[0063] A specific example of such an antibody includes KYBNPII (manufactured by Shionogi & Co., Ltd.). KYBNPII
can simultaneously recognize at least BNP 1-32 molecule, BNP 3-32 molecule, BNP 4-32 molecule, BNP 5-32 molecule,
and a molecule having a mass number larger than that of BNP 5-32 by 16 Da.

3. Detection process

[0064] The above-mentioned blood sample is subjected to a detection process. The detection process is performed
using a method capable of distinguishing and quantifying BNP molecules different in mass number, that is, a method
capable of distinguishing and quantifying individual molecules contained in a BNP molecular group. As used herein,
"quantifying" does not refer to measuring absolute amounts of individual BNP molecules, and it is only necessary to
measure relative amounts of individual BNP molecules. A method to be used in the detection process is not particularly
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limited as long as it is such a method as described above, and may be appropriately selected by those skilled in the art.
Specific examples of such a method include a method based on bio-specific affinity and mass spectrometry.

3-1. Method based on bio-specific affinity

[0065] In a case where a method based on bio-specific affinity is used, a blood sample to be subjected to the detection
process may be obtained by subjecting a blood specimen to the above-mentioned immunological enrichment, or a blood
specimen (e.g., a plasma specimen) may be used directly as a blood sample to be subjected to the detection process
without being subjected to the above-mentioned immunological enrichment.
[0066] A method based on bio-specific affinity is well-known to those skilled in the art, and is not particularly limited
as long as it is carried out by bringing a blood sample into contact with substances having bio-specific affinity under
conditions where complexes can be formed by bio-specific affinity to measure the levels of the resulting signals. Such
a method based on bio-specific affinity may be appropriately selected by those skilled in the art. In addition, a specific
protocol may also be easily selected by those skilled in the art.
[0067] More specifically, the method is preferably immunoassay. In this case, a blood sample is brought into contact
with antibodies under conditions where immune complexes can be formed to measure the levels of the resulting signals.
Specific examples of such immunoassay include immunoassays including competitive and non-competitive assay sys-
tems such as Western blotting, radioimmunoassay, ELISA, sandwich immunoassay, immunoprecipitation, precipitation
reaction, gel diffusion precipitin reaction, immunodiffusion, aggregation measurement, complement fixation assay, im-
munoradiometric assay, fluorescence immunoassay, and protein A immunoassay. A more specific protocol may be
easily selected by those skilled in the art.
[0068] The above-mentioned immunoassay uses two or more kinds of antibodies recognizing individual BNP molecules
contained in a BNP molecular group, respectively. Such an antibody may be appropriately prepared by those skilled in
the art by using a characteristic region of a specific BNP molecule contained in a BNP molecular group to be enriched
as an antibody capable of recognizing peptide fragments having such a region.

3-2. Mass spectrometry

[0069] In a case where mass spectrometry is used, a blood sample to be subjected to the detection process is preferably
obtained by subjecting a blood specimen to the above-mentioned immunological enrichment.
Mass spectrometry is well-known to those skilled in the art, and an ionization means and a detection means which allow
detection of protein and/or peptide molecules are not particularly limited, and may be appropriately selected by those
skilled in the art. Examples of an ionization method to be used include electron ionization (EI), chemical ionization (CI),
fast atom bombardment (FAB), electrospray ionization (ESI), atmospheric pressure chemical ionization (APCI), matrix-
assisted laser desorption ionization (MALDI), and surface-enhanced laser desorption ionization (SELDI). Preferably, a
MALDI-TOF mass spectrometer is used. In the case of SELDI, an antibody used in the above-mentioned immunological
enrichment may be used.

4. Assessment process

4-1. Index

[0070] In the present invention, the ratio between a detected intensity of at least one molecule selected from a BNP
molecular group detected by the above-mentioned method and a detected intensity of at least one other molecule
selected from the BNP molecular group is used as an index for assessment. This index is based on the quality of BNP,
and is therefore different from a conventional index based on the quantity of BNP (i.e., BNP value). Therefore, unlike a
conventional method, the index used in the present invention makes it possible to obtain, from a blood sample, information
that cannot be obtained only from an index based on the quantity of BNP. More specifically, the index used in the present
invention makes it possible to determine the presence or absence of myocardial ischemia, that is, the presence or
absence of significant coronary stenosis (more specifically, significant coronary stenosis having a degree of stenosis of
75% or higher (left main coronary trunk: 50% or higher) as determined by coronary angiography) from a blood sample.

4-1-1. Index example 1

[0071] As one example of the index used in the present invention, the ratio between the sum of a detected intensity
of BNP 1-32 molecule and a detected intensity of BNP 3-32 molecule, and a detected intensity of BNP 5-32 molecule
may be mentioned. More specifically, a ratio represented by the following formula 1 and its inverse ratio may be mentioned: 
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wherein (BNP 1-32) represents a detected intensity of BNP 1-32 molecule, I(BNP 3-32) represents a detected intensity
of BNP 3-32 molecule, and I (BNP 5-32) represents a detected intensity of BNP 5-32 molecule.
[0072] The values of the ratio represented by the formula 1 are significantly lower in a group of patients with stenosis
than in a group of patients without stenosis. This tendency is higher when the BNP value of a specimen is, for example,
18 pg/mL or higher or 21.9 pg/mL or higher.

4-1-2. Index example 2

[0073] It has been confirmed by the present inventors that BNP 1-32 molecule is easily decomposed and is therefore
rapidly changed to BNP 3-32 after blood collection. Therefore, there is a case where almost no or no BNP 1-32 molecule
is detected depending on the conditions of a clinical specimen etc. In this case, an index that ignores BNP 1-32 molecule
taken into consideration in the case of the above-mentioned index example 1 may be used.
[0074] That is, as another example of the index used in the present invention, the ratio between a detected intensity
of BNP 3-32 molecule and a detected intensity of BNP 5-32 molecule may be mentioned. More specifically, a ratio
represented by the following formula 2 and its inverse ratio can be mentioned: 

wherein I(BNP 3-32) represents a detected intensity of BNP 3-32 molecule and I(BNP 5-32) represents a detected
intensity of BNP 5-32 molecule.
[0075] The values of the ratio represented by the formula 2 are significantly lower in a group of patients with stenosis
than in a group of patients without stenosis. This tendency is higher when the BNP value of a specimen is, for example,
18 pg/mL or higher or 21 pg/mL or higher. Particularly, this tendency is high when no signal derived from BNP 1-32
molecule in a blood specimen is detected or when the intensity of the signal is negligibly low.

4-1-3. Index example 3

[0076] As another example of the index used in the present invention, the ratio between a detected intensity of a
molecule having a mass number larger than that of BNP 5-32 molecule by 16 Da and a detected intensity of BNP 5-32
molecule may be mentioned. More specifically, a ratio represented by the following formula 3 and its inverse ratio may
be mentioned: 

wherein I(BNP 5-32) represents a detected intensity of BNP 5-32 molecule and I(BNP 5-32+) represents a detected
intensity of a molecule having a mass number larger than that of BNP 5-32 molecule by 16 Da.
[0077] The values of the ratio represented by the formula 3 are significantly higher in a group of patients with stenosis
than in a group of patients without stenosis. This tendency is higher when the BNP value of a specimen is, for example,
in the range of 18 pg/mL to 150 pg/mL, and is much higher when the BNP value of a specimen is in the range of 21
pg/mL to 150 pg/mL, 30 pg/mL to 150 pg/mL, or 40 pg/mL to 150 pg/mL.

4-2. Assessment means

[0078] In a case where the presence or absence of stenosis is determined using such an index as described above,
the above-mentioned ratio of a blood sample derived from a patient is preferably compared to a previously-determined
reference value. The reference value may be set by, for example, determining in advance the values of the above-
mentioned ratio of a plurality of test subjects and then analyzing, by a statistical analytical method, the results of a cardiac
catheterization test performed on the test subjects to determine the presence or absence of stenosis.



EP 2 322 935 A1

12

5

10

15

20

25

30

35

40

45

50

55

[0079] An example of the statistical analytical method includes analysis using a Receiver-operating characteristic
(ROC) curve. In a case where analysis using a ROC curve is used as the statistical analytical method, a value that
minimizes the difference between sensitivity and specificity for distinguishing a stenosis group may be set as a reference
value. The reference value may be appropriately adjusted to its optimum value by those skilled in the art according to
individual requirements or circumstances of a clinical site such as prediction accuracy and preventive effect.
[0080] Further, the method according to the present invention may be used in combination with any other method.
For example, the combined use of the method according to the present invention and another cardiovascular disease
assessment method makes it possible to achieve a more highly reliable assessment.

EXAMPLES

[0081] The present invention will be described more specifically with reference to the following examples, but is not
limited to the following examples. It is to be noted that, in mass spectrometric analysis, each of two samples simultaneously
prepared from the same clinical specimen was analyzed twice by MS. The resulting total of four analytical data were
analyzed, and only the result with a CV value of 15% or less was used.
[0082] Experimental Example 1: Study of blood collection tube etc.

1) Plasma preparation

[0083]

Test subject: Blood was collected from a healthy person from whom informed consent had been obtained.
Blood collection: Blood was collected from the cubital vein of a test subject by a usual method. A study of a blood
collection tube was made using an EDTA-aprotinin blood collection tube and an EDTA blood collection tube. In the
case of serum preparation, a general blood collection tube containing a serum separating agent was used.
Treatment after blood collection: Just after blood collection, blood was externally spiked with BNP 1-32 (final con-
centration: 200 fmol/mL) and plasma separation was immediately performed (actual time spent on preparation was
15 to 30 minutes). Based on the result of study of changes with time, plasma separation was performed within 6
hours after the start of storage at 4°C or on ice when it could not be performed just after blood collection. The thus
obtained plasma was immediately frozen with liquid nitrogen and stored at - 80°C.

[0084] The plasma sample was thawed and subjected to BNP enrichment which will be described later in detail in
Experimental Example 2, and the resulting enriched BNP was analyzed by mass spectrometry.
The analytical results are shown in Fig. 1. As can be seen from Figs. 1(i) to 1(iii), in each case, fragments (BNP 3-32)
were formed by processing of N-terminal two amino acids SP (represented by one-letter abbreviations of amino acids,
the same goes for the following). As conventionally reported, processing of N-terminal two amino acids SP occurred.
[0085] However, as shown in Fig. 1(i), in the case of using an EDTA blood collection tube, fragments formed by
processing of N-terminal amino acids SPK and fragments formed by processing of C-terminal two amino acids RH or
three amino acids RRH were also detected. Further, it has been confirmed that cleavage at the C-terminal region of
BNP 1-32 is more likely to occur as time on ice increases (it has been also confirmed that cleavage the N-terminal of
BNP 1-32 is more likely to occur as time on ice increases; these data are not shown).
On the other hand, as shown in Figs. 1(ii) and 1(iii), in the case of using an EDTA-aprotinin blood collection tube,
fragments formed by processing of N-terminal amino acids SPK were detected in trace amounts, but few fragments
formed by processing of the C-terminal part of BNP 1-32 were detected.
[0086] As a result, it has been confirmed that in the case of using an EDTA blood collection tube, cleavage at the N-
terminal or C-terminal region of BNP 1-32 is likely to occur, but in the case of using an EDTA-aprotinin blood collection
tube, cleavage at the C-terminal region of BNP 1-32 is suppressed. That is, it can be considered that the state of BNP
when present in a living body is more accurately reflected when an EDTA-aprotinin blood collection tube is used than
when an EDTA blood collection tube is used.
It is to be noted that a study of changes with time between blood collection and plasma preparation was also made.
More specifically, a plasma specimen obtained by performing plasma separation just after blood collection and a plasma
specimen obtained by performing plasma separation after storage at 4°C for 6 hours were analyzed, and as a result, it
has been confirmed that there is no change between these specimens (data are not shown).
[0087] On the other hand, an experiment was performed in the same manner as described above except that serum
separation was performed instead of plasma separation. As a result, it has been confirmed that the cleavage of BNP
1-32 immediately occurs at both the N-terminal and C-terminal regions in a serum (data are not shown).
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Experimental Example 2: Determination of specificity of antibody

1) Plasma preparation

[0088]

Test subject: Blood was collected from a healthy person from whom informed consent had been obtained.
Blood collection: Blood was collected from the cubital vein of a test subject with the use of an EDTA-aprotinin blood
collection tube.
Treatment after blood collection: Blood was stored on ice or at 4°C just after blood collection. Plasma separation
was performed within 6 hours after blood collection, and the resulting plasma was immediately frozen with liquid
nitrogen and stored at -80°C. Then, the plasma was thawed, and Mixed BNP comprising BNP 1-32, BNP 3-32, BNP
4-32, and BNP 5-32 (each 5 fmol) was added thereto to prepare two BNP-added specimens (500 PL).
Further, two BNP-nonadded specimens (500 PL) were also prepared by plasma separation without addition of Mixed
BNP. The thus obtained two BNP-nonadded specimens were frozen for preservation in the same manner as de-
scribed above.

2) BNP enrichment

[0089] BNP in the plasma was immunoprecipitated using KYBNPII (supplied from Shionogi & Co., Ltd.) as a primary
antibody and anti-mouse IgG-coupled beads ("Dynabeads M-280 Sheep anti-Rabbit IgG" manufactured by VERITAS
Corporation, Catalog No. 112.03) as a secondary antibody.
More specifically, one of the above-mentioned BNP-added specimens and one of the above-mentioned BNP-nonadded
specimens were each subjected to immunoprecipitation in the following manner.
[0090] 20 PL of anti-mouse IgG-coupled beads were washed with PBS three times.
Then, 2 PL of KYBNPII was added to the beads, and the resulting mixture was incubated at room temperature for 1
hour to couple the KYBNPII to the beads.
As a control, anti-mouse IgG-coupled beads were incubated at room temperature for 1 hour without adding KYBNPII.
These beads were washed with PBS five times, and then the KYBNPII-coupled beads were suspended in 20 PL of PBS,
and the resulting suspension was placed on ice.
The specimen stored at -80°C was quickly thawed in a warm bath of 37°C and then placed on ice.
The thawed specimen (500 PL) was mixed with 50 PL of PBS (�10), 440 PL of DDW, and 10% (w/v) Zwittergent
(Calbiochem) so that the final volume of the specimen was 1 mL.
Then, 20 PL of the above-mentioned KYBNPII-coupled beads were added.
As a control, 20 PL of the above-mentioned beads incubated for 1 hour without adding KYBNPII were added.
The mixture of the specimen and the beads was incubated at room temperature for 1 hour to couple BNP in the plasma
to the beads.
Then, the beads were washed with PBS four times.
Then, the beads were further washed with 20 mM NH4HCO3 once.
The elution of BNP from the beads was performed using 5 PL of 0.5% (v/v) TUFA.

3) Mass spectrometry of enriched BNP

[0091] The following specimens (a) to (d) were analyzed by mass spectrometry.

(a): BNP-added specimen subjected to BNP enrichment
(b): BNP-added specimen not subjected to BNP enrichment
(c): BNP-nonadded specimen subjected to BNP enrichment
(d): BNP-nonadded specimen not subjected to BNP enrichment

[0092] In the case of the specimens (a) and (c) subjected to BNP enrichment, the total volume of eluate from the
beads was dropped onto a MALDI target plate. On the other hand, also in the case of the specimens (b) and (d) not
subjected to BNP enrichment, the total volume of eluate from the beads was dropped onto a MALDI target plate.
As a matrix, a mixture of 5 mg/mL DHB and 2.5 mg/mL CHCA was used.
After air drying, MS analysis was immediately performed using AXIMA-CFR plus.
The analysis was performed in linear mode. Calibration of m/z was performed using ACTH (18-39) fragment and Insulin
oxidized B-chain.
[0093] The results of mass spectrometry of the specimens (a), (b), (c) and (d) are shown in Fig. 2. As shown in Fig.
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2, only in the case of the BNP-added specimen (a) subjected to BNP enrichment, specific signals derived from BNP
1-32, BNP 3-32, BNP 4-32, and BNP 5-32 were obtained. From the result, it has been confirmed that the KYBNPII
antibody is an antibody that specifically recognizes BNP 1-32, BNP 3-32, BNP 4-32, and BNP 5-32.

Experimental Example 3: Study of limit of detection (LOD)

[0094] Serum samples (e), (f), (g), (h), (i), and (j) were prepared by adding BNP 1-32 at the following concentration
to 0.5 mL of commercially-available human serum. These serum samples (e) to (j) were subjected to BNP enrichment
and mass spectrometry in the same manner as in Experimental Example 2.

(e): 20 fmol (70 pg)/0.5 mL serum
(f): 10 fmol (35 pg)/0.5 mL serum
(g): 5 fmol (17.5 pg)/0.5 mL serum
(h): 2.5 fmol (8.75 pg)/0.5 mL serum
(i): 1 fmol (3.5 pg)/0.5 mL serum
(j): 0 fmol (0 pg)/0.5 mL serum

[0095] The resulting MS spectra are shown in Fig. 3. As shown in Fig. 3, BNP contained in the sample (i) (1 fmol (3.5
pg)/0.5 mL serum) could be detected. From the result, the limit of detection is 2 fmol (7 pg)/mL. On the other hand, the
upper limit of the reference value of BNP used in a clinical site is 18.4 pg/mL. Therefore, it has also been confirmed that
the method according to the present invention has detection sensitivity capable of measuring, in principle, a BNP value
in the vicinity of the upper limit of the reference value of BNP.

Experimental Example 4: Example of BNP detection using clinical specimen

1) Plasma preparation

[0096]

Test subject: Among patients scheduled to undergo a cardiac catheterization test, blood was collected from a patient
(#1037) from whom informed consent had been obtained.
Blood collection: Before insertion of a catheter, blood was collected from a catheter sheath, and was dispensed into
EDTA-aprotinin blood collection tubes. The BNP value of this patient was 117.1 pg (∼33 fmol)/mL.
Treatment after blood collection: The collected blood was stored at 4°C, and plasma separation was performed
within 6 hours after blood collection. The resulting plasma was immediately frozen with liquid nitrogen and stored
at -80°C until subjected to analysis.

[0097]

2) The above-mentioned specimen #1037 was subjected to BNP enrichment in the same manner as in Experimental
Example 2.
3) The following samples (k), (l), and (m) were analyzed by mass spectrometry in the same manner as in Experimental
Example 2.

(k): specimen #1037 subjected to BNP enrichment
(l): specimen #1037 not subjected to BNP enrichment
(m): sample prepared by adding Mixed BNP (BNP 1-32, BNP 3-32, BNP 4-32, and BNP 5-32; each 5 fmol) to a
plasma derived from a healthy person

[0098] The resulting MS spectra are shown in Fig. 4. As can be seen from Fig. 4(k), three specific signals as well as
a signal derived from BNP 1-32 were detected. From the results shown in Figs. 4(l) and 4(m), it can be considered that
these specific signals are derived from BNP 3-32, BNP 4-32, and BNP 5-32 formed by N-terminal processing.

<Example 1: Analysis of plasma in clinical specimen>

[0099] In this example, blood was collected from a patient #1086 (BNP value: 89.0 pg/mL) from whom informed consent
had been obtained and from a patient #1067 (BNP value: 92.6 pg/mL) from whom informed consent had been obtained,
and the collected blood specimens were subjected to plasma separation, BNP enrichment, and mass spectrometry in
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the same manner as in Experimental Example 4.
[0100] The resulting MS spectra are shown in Fig. 5. As can be seen from Fig. 5, there is a difference in the pattern
of relative intensity ratio of four signals derived from BNP 1-32, BNP 3-32, BNP 4-32, and BNP 5-32 between the patient
#1086 and the patient #1067. Also, as can be seen from Fig. 5, when attention is directed toward a signal derived from
BNP 5-32 and a signal derived from a molecule having a mass number larger than that of BNP 5-32 by 16 Da, in the
case of the patient #1086, the detected intensity of a signal derived from a molecule having a mass number larger than
that of BNP 5-32 by 16 Da is higher than that of a signal derived from BNP 5-32, but in the case of the patient #1067,
the detected intensity of a signal derived from BNP 5-32 is higher than that of a signal derived from a molecule having
a mass number larger than that of BNP 5-32 by 16 Da.
[0101] As described above, the BNP values of these two specimens, as measured by a conventional EIA method,
are almost the same, that is, about 90 pg/mL. However, according to the method of the present invention, it is possible
to detect a qualitative difference between these specimens that cannot be detected by a conventional EIA method.

<Example 2: Analysis of MS signal patterns and examination of correlation between MS signal patterns and presence 
or absence of significant stenosis 1-1>

[0102] In this example, blood was collected from 24 patients from whom informed consent had been obtained, and
the collected blood specimens (BNP value: 40.8 pg/mL to 147.8 pg/mL) were subjected to plasma separation, BNP
enrichment, and mass spectrometry in the same manner as in Experimental Example 4.
[0103] The relative intensity ratio of a signal derived from a molecule having a mass number larger than that of BNP
5-32 by 16 Da to a signal derived from BNP 5-32 (m/z = 3,022) (hereinafter, referred to as "I(BNP 5-32+)/I(BNP 5-32)")
was calculated from each of the obtained MS spectra.
The correlation between the values of the ratio and the results of a cardiac catheterization test performed on these
patients to determine the presence or absence of significant stenosis was examined. It is to be noted that discrimination
between two groups with and without significant stenosis was evaluated by Student’s t test (two tailed), and in Example
4 which will be described later, discrimination between the two groups was evaluated by ROC curve analysis.
[0104] Fig. 6 shows the relation between the values of I(BNP 5-32+)/I(BNP 5-32) of the 24 patients whose BNP values
were in the range of 40.8 pg/mL to 147.8 pg/mL and the presence or absence of significant stenosis.
As shown in Fig. 6, the values of I(BNP 5-32+)/I(BNP 5-32) of the patients diagnosed with significant stenosis were
significantly higher (p = 0.002) than those of the patients not diagnosed with significant stenosis. That is, in a case where
the BNP values of patients were in the range of 40.8 pg/mL to 147.8 pg/mL, there was a remarkable correlation between
the values of I(BNP 5-32+)/I(BNP 5-32) of the patients and the presence or absence of significant stenosis.

<Example 3: Analysis of MS signal patterns and examination of correlation between MS signal patterns and presence 
or absence of significant stenosis 1-2>

[0105] In this example, blood was collected from 41 patients from whom informed consent had been obtained, and
the MS signal patterns of the collected blood specimens (BNP value: 21.4 pg/mL to 147.8 pg/mL) were analyzed in the
same manner as in Example 2 to examine the correlation between the MS signal patterns and the presence or absence
of significant stenosis.
[0106] Fig. 7 is a graph showing the relation between the values of I(BNP 5-32+)/I(BNP 5-32) of the 41 patients whose
BNP values were 21.4 pg/mL to 147.8 pg/mL and the presence or absence of significant stenosis.
As shown in Fig. 7, the values of I(BNP 5-32+)/I(BNP 5-32) of the patients diagnosed with significant stenosis were
significantly higher (p = 0.0026) than those of the patients not diagnosed with significant stenosis. That is, also in a case
where the BNP values of patients were in the range of 21.4 pg/mL to 147.8 pg/mL, there was a remarkable correlation
between the values of I(BNP 5-32+)/I(BNP 5-32) of the patients and the presence or absence of significant stenosis.

<Example 4: Analysis of MS signal patterns and examination of correlation between MS signal patterns and presence 
or absence of significant stenosis 1-3>

[0107] In this example, discrimination between two groups with and without significant stenosis was evaluated by
ROC curve analysis. Fig. 8 shows ROC curves obtained when the values of BNP "x" (pg/mL) were in the range of 0 <
x < 150, 40 < x < 150, and 10 < x < 40. As shown in Fig. 8, a particularly high degree of accuracy was achieved when
the of BNP value were in the range of 40 < x < 150. In this case, the value of AUC was 0.94, and when the value of I
(BNP 5-32+)/I(BNP 5-32) was 0.75, the sensitivity and specificity were 91% and 85%, respectively.
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<Example 5: Analysis of MS signal patterns and examination of correlation between MS signal patterns and presence 
or absence of significant stenosis 2-1>

[0108] In this example, blood was collected from 33 patients from whom informed consent had been obtained, and
the MS signal patterns of the collected blood specimens (BNP value: 21.9 pg/mL to 645.8 pg/mL) were analyzed in the
same manner as in Example 2 to examine the correlation between the MS signal patterns and the presence or absence
of significant stenosis. It is to be noted that discrimination between two groups was evaluated by Wilcoxon test.
[0109] Fig. 9 is a graph showing the relation between the values of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)} of the
33 patients whose BNP values were 21.9 to 645.8 pg/mL and the presence or absence of significant stenosis.
As shown in Fig. 9, the values of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)} of the patients diagnosed with significant
stenosis were significantly lower (p = 0.0007) than those of the patients not diagnosed with significant stenosis. That is,
there was a remarkable correlation between the values of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)} of the patients
diagnosed with significant stenosis and those of the patients not diagnosed with significant stenosis.

<Example 6: Analysis of MS signal patterns and examination of correlation between MS signal patterns and presence 
or absence of significant stenosis 2-2>

[0110] In this example, discrimination between two groups with and without significant stenosis was evaluated by
ROC curve analysis. Fig. 10 shows a ROC curve derived from 33 patients whose BNP values were in the range of 21.9
pg/mL to 645.8 pg/mL. As shown in Fig. 10, the value of AUC was 0.85, and when the value of {I(BNP 1-32) + I(BNP
3-32) /I(BNP 5-32) } was 0.79, the sensitivity and specificity were 79% and 93%, respectively.

<Comparative Example 1: Analysis of MS signal patterns and examination of correlation between MS signal patterns 
and presence or absence of hypertension>

[0111] The correlation between the MS signal patterns of the 33 patients described in Example 5 and the presence
or absence of hypertension was examined in the same manner as in Example 5.
[0112] Fig. 11 is a graph showing the relation between the values of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)} of the
33 patients and the presence or absence of hypertension.
As shown in Fig. 11, there was no significant difference (p = 0.8411) in the value of {I(BNP 1-32) + I(BNP 3-32)/I(BNP
5-32)} between the patients diagnosed with hypertension (HTN+) and the patients not diagnosed with hypertension
(HTN-). That is, unlike the result of Example 5 showing that there is a correlation between the presence or absence of
stenosis and the value of the index, the result of Comparative Example 1 shows that there is no correlation between the
presence or absence of hypertension and the value of the index.

<Comparative Example 2: Analysis of MS signal patterns and examination of correlation between MS signal patterns 
and presence or absence of hyperlipidemia>

[0113] The correlation between the MS signal patterns of the 33 patients described in Example 5 and the presence
or absence of hyperlipidemia was examined in the same manner as in Example 5.
[0114] Fig. 12 is a graph showing the relation between the values of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)} of the
33 patients and the presence or absence of hyperlipidemia.
As shown in Fig. 12, there was no significant difference (P = 0.7680) in the value of {I(BNP 1-32) + I(BNP 3-32)/I(BNP
5-32)} between the patients diagnosed with hyperlipidemia (HL+) and the patients not diagnosed with hypertension
(HL-). That is, unlike the result of Example 5 showing that there is a correlation between the presence or absence of
stenosis and the value of the index, the result of Comparative Example 2 shows that there is no correlation between the
presence or absence of hyperlipidemia and the value of the index.

<Comparative Example 3: Analysis of MS signal patterns and examination of correlation between MS signal patterns 
and presence or absence of diabetes>

[0115] The correlation between the MS signal patterns of the 33 patients described in Example 5 and the presence
or absence of diabetes was examined in the same manner as in Example 5.
[0116] Fig. 13 is a graph showing the relation between the values of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)} of the
33 patients and the presence or absence of diabetes.
As shown in Fig. 13, there was no significant difference (P = 0.5712) in the value of {I(BNP 1-32) + I(BNP 3-32)/I(BNP
5-32)} between the patients diagnosed with diabetes (DM+) and the patients not diagnosed with diabetes (DM-). That
is, unlike the result of Example 5 showing that there is a correlation between the presence or absence of stenosis and
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the value of the index, the result of Comparative Example 3 shows that there is no correlation between the presence or
absence of diabetes and the value of the index.

<Comparative Example 4: Analysis of MS signal patterns and examination of correlation between MS signal patterns 
and gender>

[0117] The correlation between the MS signal patterns of the 33 patients described in Example 5 and gender was
examined in the same manner as in Example 5.
[0118] Fig. 14 is a graph showing the relation between the values of {I(BNP 1-32) + I(BNP 3-32)/I(BNP 5-32)} of the
33 patients and gender.
As shown in Fig. 14, there was no significant difference (P = 0.5383) in the value of {I(BNP 1-32) + I(BNP 3-32)/I(BNP
5-32)} between males (M) and females (F). That is, unlike the result of Example 5 showing that there is a correlation
between the presence or absence of stenosis and the value of the index, the result of Comparative Example 4 shows
that there is no correlation between gender and the value of the index.
[0119] As can be seen from the results of Comparative Examples 1 to 4 and Example 5, the index used in the present
invention specifically shows a correlation with the presence or absence of stenosis, but does not show a correlation with
the presence or absence of hypertension, hyperlipidemia, and diabetes nor with gender.

<Example 7: Analysis of MS signal patterns and examination of correlation between MS signal patterns and presence 
or absence of significant stenosis 3>

[0120] Analysis of MS signal patterns and examination of correlation between the patterns and the presence or absence
of significant stenosis were performed in the same manner as in Example 5 except that the index was changed to I(BNP
4-32)/I(BNP 5-32). The result is shown in Fig. 15. As shown in Fig. 15, the p-value of the index between the patients
diagnosed with significant stenosis and the patients not diagnosed with significant stenosis was 0.0771.

<Example 8: Analysis of MS signal patterns and examination of correlation between MS signal patterns and presence 
or absence of significant stenosis 4>

[0121] Analysis of MS signal patterns and examination of correlation between the patterns and the presence or absence
of significant stenosis were performed in the same manner as in Example 5 except that the index was changed to {I
(BNP 1-32) + I(BNP 3-32)/I(BNP 4-32)}. The result is shown in Fig. 16. As shown in Fig. 16, the p-value of the index
between the patients diagnosed with significant stenosis and the patients not diagnosed with significant stenosis was
0.3820.
[0122] The foregoing examples are provided to illustrate specific embodiments within the scope of the present invention,
but the present invention is not limited thereto and may be embodied in various other forms. For example, the foregoing
examples demonstrate that the index used in the present invention is effective when mass spectrometry is used as a
detection method, from which it is clear that the same effects can be achieved when a method based on bio-specific
affinity is used as a detection method. The foregoing examples are merely illustrative in all aspects including the above
aspect and should not be construed as being restrictive. Further, the changes that fall within the equivalents of the claims
are all within the scope of the present invention.

INDUSTRIAL APPLICABILITY

[0123] According to the present invention, it is possible to less-invasively assess a disease state caused by myocardial
ischemia (e.g., ischemic heart disease or restenosis).
Further, according to the present invention, it is possible to determine the presence or absence of cardiovascular disease
even from a blood sample having a BNP value from which the presence or absence of cardiovascular disease cannot
be determined and only an ambiguous determination that there is suspicion of some kind of cardiovascular disease is
made by a conventional method (i.e., a BNP value in the range between the thresholds (18.4 pg/mL to 150 pg/mL) for
determining whether there is suspicion of heart failure).
[0124] The effects of the present invention will be described more specifically below.
The method according to the present invention uses not a conventional index based on the quantity of BNP (i.e., BNP
value) but an index based on the quality of BNP. This makes it possible to obtain, from a blood sample, information that
cannot be obtained only from the index based on the quantity of BNP. That is, the present invention makes it possible
for the first time to assess myocardial ischemia only through a blood test.
[0125] As described above, since the method according to the present invention uses a novel index, it is possible to
assess a cardiac disease state even from a blood sample having a BNP value in the range of 18.4 pg/mL to 150 pg/mL
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from which a cardiac disease state cannot be clearly assessed through a conventional blood test. Further, the effective-
ness of the novel index used in the present invention is specific to ischemia, and therefore the presence or absence of
myocardial ischemia also in a patient with a disease associated with a high BNP value (e.g., chronic heart failure) can
be determined.
[0126] The method according to the present invention is applied to a blood test, and is therefore much easier and less
invasive than a conventional invasive examination method (e.g., a cardiac catheterization test). Therefore, for the sake
of higher accuracy, it is only necessary to perform an invasive test on only patients diagnosed as possibly having stenosis
by a previously-performed blood test. This makes it possible to avoid an unnecessary cardiac catheterization test, thereby
significantly reducing a burden on the body of a patient and test cost. A cardiac catheterization test is conventionally
performed about every six months, and therefore even when restenosis requiring treatment occurs within six months, it
is impossible to appropriately treat restenosis. However, the less-invasive blood test can be easily and repeatedly
performed, and therefore restenosis can be appropriately treated earlier.
[0127] Thus, according to the method of the present invention, unlike a conventional examination method, ischemia
can be reliably assessed and early detected only through an easy, less-invasive, and economic blood test. Eventually,
the method according to the present invention can be applied to the assessment of arteriosclerosis. Further, as described
above, the significance of BNP in a blood sample having a BNP value, from which a cardiac disease state cannot be
accurately assessed through a conventional blood test, has become apparent, and therefore there is a possibility that
BNP fragments and modified fragments thereof assist drug discovery.
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Claims

1. A method for assessing myocardial ischemia comprising subjecting a blood sample which is derived from a test
subject and which contains a B-type natriuretic hormone (BNP) molecular group containing at least two selected
from the group consisting of BNP 1-32 molecule (SEQ ID No. 1), BNP 3-32 molecule (SEQ ID No. 2), BNP 4-32
molecule (SEQ ID No. 3), BNP 5-32 molecule (SEQ ID No. 4), and a molecule having a mass number larger than
that of BNP 5-32 molecule by 16 Da to a detection process capable of distinguishing and quantifying the individual
BNP molecules different in mass number to detect the BNP molecular group, wherein myocardial ischemia in the
test subject is assessed using, as an index, a ratio between a detected intensity of at least one molecule selected
from the BNP molecular group and a detected intensity of at least one other molecule selected from the BNP
molecular group.

2. The method according to claim 1, wherein the ratio between a detected intensity of at least one molecule selected
from the molecular group and a detected intensity of at least one other molecule selected from the molecular group
is a ratio between a sum of a detected intensity of the BNP 1-32 molecule and a detected intensity of the BNP 3-32
molecule, and a detected intensity of the BNP 5-32 molecule.

3. The method according to claim 1, wherein the ratio between a detected intensity of at least one molecule selected
from the molecular group and a detected intensity of at least one other molecule selected from the molecular group
is a ratio between a detected intensity of the BNP 3-32 molecule and a detected intensity of the BNP 5-32 molecule.

4. The method according to claim 1, wherein the ratio between a detected intensity of at least one molecule selected
from the molecular group and a detected intensity of at least one other molecule selected from the molecular group
is a ratio between a detected intensity of the molecule having a mass number larger than that of BNP 5-32 molecule
by 16 Da and a detected intensity of the BNP 5-32 molecule.

5. The method according to claim 4, wherein the blood sample is a blood specimen itself of a test subject having a
measured value of BNP of 18 pg/mL to 150 pg/mL, or is prepared from the blood specimen.
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6. The method according to claim 1, wherein the myocardial ischemia is one caused by ischemic heart disease or by
restenosis after percutaneous coronary intervention.

7. The method according to claim 1, wherein the blood sample is prepared by subjecting the blood specimen of the
test subject to immunological enrichment using an antibody against the B-type natriuretic hormone molecular group.
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